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The survival and growth of E. coli O157:H7 in white cheese during storage at 7 o C and the effect of NaCl concentration (0.5 to 3%) and pH (3.5 to 6.5) The bacterium, Escherichia coli, is normally considered non-pathogenic and can be isolated routinely from the intestinal tracts of warm-blooded and coldblooded animals, including humans. However, some E. coli strains are pathogenic, with specific strains such as O157:H7 causing severe diarrheal syndromes (Padhye et al., 1992) . Since 1982, when Escherichia coli O157:H7 was first identified as a cause of food borne illness (Wells et al., 1983) this pathogen has been involved in other outbreaks in which raw milk was the suspected or confirmed vehicle of infection (Martin et al., 1986) . In an outbreak associated with the consumption of pasteurized milk in Scotland in 1994, more than 100 people were affected (Simmons, 1997 Satherland et al. (1995) examined the effects of incubation temperature, initial pH, sodium chloride, and sodium nitrite concentration. Both groups found that as incubation temperature decreased, as sodium concentration increased, and as pH decreased, the growth of E. coli O157:H7 decreased.
In view of this organism's high acid tolerance (including the ability to survive the acidic environment of the stomach), its resistance to fermentation by-products, its survival during storage at 4 o C, and high salt tolerance, it may be expected to survive in white cheese. The survival and growth of E. coli O157:H7 in cheese is an important food safety issue.
Therefore, the purpose of this investigation was to determine the survival and growth of E. coli O157:H7 in white cheese and the effect of NaCl concentration (0.5%, 2% and 3%) and pH (3.5, 5 and 6.5) in trypticase soy broth on the survival and growth of E. coli O157:H7 at 7 o C and 20 o C.
MATERIALS AND METHODS
Preparation of E. coli inoculum. E. coli O157:H7 was grown at 37 o C, in brain heart infusion broth. The test culture was subjected to a minimum of three successive 20-h transfers, before the experiment.
Inoculation and analysis of white cheese. White cheese (moisture 58.71%; fat in dry matter 48.44%; pH 3.98; sodium chloride 0.52 %) was inoculated with a dilution (made in sterile 0.9% saline) to yield a starting count of ca. 10 4 E. coli O157:H7/g. The inoculated white cheese was stored at 7 o C, for a period of 20 days.
Before inoculating white cheese with E. coli O157:H7, the background microbial population was determined. Samples of artificially contaminated white cheese were taken at 0, 5, 10, 15 and 20 days for pH measurement, determination of the salt concentration and microbial analysis.
Physicochemical analysis. The amount of sodium chloride was determined by IDF/ISO/AOAC (88A:1988) methods and hydrogen ion concentration using a pH meter (Extech instruments, microcomputer pH vision 246071) at each sampling time for the enumeration of E. coli O157:H7.
Survival E. coli O157:H in trypticase soy broth. The trypticase soy broth was adjusted to pH values of 3.5, 5 and 6.5 using DL-lactic acid. In the second trial trypticase soy broth was supplemented with 0.5%, 2% and 3 % NaCl. In each trial 10 ml of trypticase soy broth was inoculated with a suspension of E. coli O157:H7 to provide a resulting population of ca 10 5 /ml. One set was stored at 7 o C and the other at 20 o C, for a period of 5 days. The experiment was repeated three times. Enumeration E. coli O157:H7. Duplicate samples of white cheese (20 g) were dispersed in 180 ml of 2% sodium citrate solution. Decimal dilutions of white cheese or trypticase soy broth were plated on to Fluorocult E. coli O157:H7 agar plates (Merck-Germany). The plates were incubated in air at 37 o C, for 24 h and typical greenish sorbitol negative colonies were counted and confirmed by biochemical tests and the latex agglutination test for E. coli O157 (Test Kit; Oxoid).
Enumeration of total viable bacteria. The total bacterial counts in white cheese were determined in decimal dilutions of white cheese in sterile 0.9% saline. They were plated on to total bacterial count agar plates (Torlak-Yugoslavia) and incubated at 30-32 o C for 72 h .
RESULTS
The results concerning the survival of E. coli O157:H7 in white cheese stored at 7 o C for 20 days are shown in Table 1 . The white cheese with 0.52% NaCl and pH 3.98 was produced from raw milk. During storage at 7 o C, the salt concentration increased from 0.52% to 0.79%.
The pH stayed nearly the same in the first five days, then decreased up to day 15 and then increased. The total bacterial counts remained nearly constant, during storage of white cheese.
For acidic products such as white cheese, in which lactic acid is produced by the metabolic activity of bacteria fom the starter cultures, pH contributes to controlling Escherichia coli O157:H7 growth. However, Escherichia coli O157:H7 can survive in white cheese kept for 20 days at refrigeration temperatures (7 o C). Thus, the count remained the same in the first five days, and then decreased by 0.5 log cycle after ten days and 2 log after 20 days.
Therefore we investigated the behavior of Escherichia coli O157:H7 at 7 o C and 20 o C in the trypticase soy broths at pH 3.5, 5 and 6.5 and sodium chloride concentration of 0.5 %, 2% and 3%, which range could be expected in this kind of cheese. The results of these investigations are shown in Table 2 and Table 3 . Escherichia coli O157:H7 survived but its number slowly decreased in the trypticase soy broth at pH 3.5 kept at the temperature of 7 o C for five days ( Table  2 ). Growth occurred in the trypticase soy broth kept at pH 5 with a 1.65 -2.65 log cycle increase in population, at 1 to 5 days. In the trypticase soy broth adjusted to pH 6.5 the number of E. coli O157:H7 increased by 2.50 log cycles after one day and then remained nearly the same up to five days. Slow growth was observed in the trypticase soy broth with 0.5% sodium chloride with a 1 log cycle increase in population after one day and then a decrease. In the trypticase soy broth with 2% sodium chloride the number of Escherichia coli O157:H7 was nearly the same after one day and then decreased by 1.43 log cycle after five days. Escherichia coli O157:H7 survived, but did not grow, in the trypticase soy broth with 3% of sodium chloride. The count remained nearly the same after one day and then exhibited a 2 log cycle reduction in population after five days.
In the trypticase soy broth at pH 3.5 and at the temperature of 20 o C, Escherichia coli O157:H7 survived for five days with a 2.16 log cycle reduction in population. Growth occurred in the trypticase soy broth at pH 5 with a 1.66 -2.82 log cycle increase in population, at 1-5 days. In the trypticase soy broth at pH 6.5 the number of E. coli O157:H7 was increased by 2.50 log cycles after the first day and 3.68 log cycles after five days. Also growth, was demonstrated in the trypticase soy broth with 0.5% sodium chloride with an increase in population of 1.73 log cycles, after five days. Slow growth was demonstrated in the triptycase soy broth containing 2% of sodium chloride with an increase of 0.82 log cycles in population, after five days. Growth of Escherichia coli O157:H7 did not occur in the trypticase soy broth with 3% of sodium chloride, but the pathogen survived for five days with a reduction of 1.49 log cycle in its population (Table 3) . DISCUSSION The results of this study indicated that Escherichia coli O157:H7 could survive sufficiently well in white cheese to be of concern. Reitsma and Henning (1996) reported the survival of Escherichia coli O157:H7 during the manufacture and curing of cheddar cheese. Govaris et al. (2002) found that Escherichia coli O157:H7 survived manufacture with thermophilic and mesophilic starters of Feta and Telemes cheeses, but was not detectable in Feta cheese after 44 to 36 days ripening and in Telemes cheese after 40 to 30 days for the trials, respectively (Govaris et al., 2002) . The results obtained in our study also confirm the data from the model system of Guraya et al. (1998) that products at or below pH 4.1 could still be vehicles for Escherichia coli O157:H7, if they were consumed soon after being manufactured or if they were contaminated with high levels of the pathogen. This indicated that pH and sodium chloride concentration are probably the primary mechanisms by which this pathogen is inhibited in white cheese.
Thus, the pathogen survived, but did not grow in our trypticase soy broth at pH 3.5 either 7 o C or 20 o C. The reduction in population of Escherichia coli O157:H7 was greater at 20 o C. However, growth was observed in trypticase soy broth at pH 5 and 6.5 at both temperatures, especially at 20 o C. This confirmed the results of a previous study, that Escherichia coli O157:H7 can survive at pH 3.4 when it is acid adapted (Lin et al, 1995) and at 6.5% of sodium chloride (Glass et al. 1992 ) and at refrigeration temperatures (Conner, 1992 coli O157:H7 at low pH has already been studied. Glass et al. (1992) found that in trypticase soy broth adjusted with lactic acid to pH 4.5, the cells were inactivated to undetectable levels, and no viable cells were detected at pH 4.0, and 3.5 after 7 days. Clavero and Beuchat (1996) reported the survival of this pathogen at pH 4.8 and 5 and at the temperatures of 20 o C and 30 o C. It has been reported that Escherichia coli O157:H7 can grow at a pH as low as 4.4, although its exact tolerance is influenced by the specific acid present (Semanchek et al., 1996) . Increased acid tolerance offers such an organism ecological advantages by allowing the pathogen to survive in the gastric system and then to establish infection in the colon and other organs (Arnold et al., 1995) .
The ability of Escherichia coli O157:H7 to survive such adverse conditions, and recognition of its low infectious dose, means that its presence in white cheese is particularly undesirable. This study indicated that Escherichia coli O157:H7 may persist in the white cheese until the time of consumption. The risk of an outbreak is highly dependent on pH, salt content, and storage temperature of the product, but since inactivation is slow and marginal for white cheese, the initial level of contamination is the critical factor in determining its safety. 
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Kati} Vera et al. The effect of salt concentration and pH on the survival and growth of E. coli O157:H7 in white cheese and trypticase soy broth pove}avala. Koncentarcija natrijum hlorida se pove}avala sa 0.52% na 0.73%. E. coli O157:H7 je pre`ivljavala, ali se nije umno`avala u triptoza soja bujonu pri pH vrednosti 3.5 i temperaturi od 7 o C, uz redukciju broja za 1 log vrednost posle pet dana. U triptoza soja bujonu, pri pH 5 i 6.5, broj E. coli O157:H7 se pove}avao pri obe temperature 7 o C i 20 o C. U triptoza soja bujonu pH 5 broj E. coli O157:H7 se pri 7 o C pove}avao za 1.7 log, posle jednog dana i 3.5 log posle pet dana. Pri pH vrednosti od 6.5 u triptoza soja bujonu i temperaturi od 20 o C populacija E. coli O157:H7 se pove}avala za 3.5 log posle jednog dana i 4.5 log posle pet dana. Patogen je rastao (do 2 log pove}anje) pri 20 o C u triptoza soja bujonu sa sve tri koncentracije NaCl (0.5%, 2, 3%). E. coli O157:H7 se nije umno`avala pri istim koncentracijama NaCl i temperaturi od 7 o C ve} se posle pet dana broj patogena redukovao za 0.5 log pri 0.5% natrijum hlorida, 1 log pri 2% natrijum hlorida i 2 log pri 3% natrijum hlorida.
Ova studija pokazuje da E. coli O157:H7 mo`e da perzistira u belom siru. Ukoliko ovaj patogen kontaminira proizvode sa malim sadr`ajem soli i pH ve}im od 4.0, mikroorganizam pre`ivljava u dovoljnom broju da izazove bolest. Rizik od pojave alimentarnog oboljenja u mnogome zavisi od pH, koncentracije soli i temperature~uvanja belog sira, ali po{to je inaktivacija patogena spora i neznatna u toj vrsti sira, po~etni nivo kontaminacije je kriti~an za utvr|ivanje higijenske ispravnosti belog sira.
